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Claims 



1 . A type of branch connecting structural body of a submarine cable characterized by the 
following facts: a cable collection consisting of plural cables is inserted into one end opening of 
a metal sleeve that is nearly cylindrical; a sensor cable holder having plural branch pipes is fixed 
in the other opening of said metal sleeve; plural sensor cables are respectively inserted through 
the branch pipes; inside said metal sleeve, said cable collection branched into multiple cables is 
connected to said sensor cables, and a thermosetting resin is injected to fill the interior of the 
metal sleeve, followed by curing, and at the same time, a heat-shrinkable tube with a prescribed 
width is shrunk such that it covers said branch pipes and sensor cables. 

2. The branch connecting structural body of a submarine cable described in Claim 1 
characterized by the fact that one end of said metal sleeve is formed to gradually taper down to 
match the outer diameter of the sheath of the cable collection, and is made to adhere to the sheath 
of said cable collection by means of a putty made of a thermosetting resin or liquid rubber, or the 
putty made of a thermosetting resin is applied to entirely cover the joint between said metal 
sleeve and the sensor cable holder as well as the region where the heat-shrinkable tube is applied. 

3. The branch connecting structural body of a submarine cable described in Claim 2 
characterized by the fact that the heat-shrinkable tube is arranged such that it entirely covers the 
outside of the branch connecting structural body of the submarine cable. 
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Detailed explanation of the invention 
Industrial application field 

This invention pertains to a submarine cable. In particular, this invention pertains to a 
branch connecting structural body of a submarine cable for branching a cable to enable 
connection to other cables on the seabed. 

Prior art and problems to be solved 

For communication cables laid on the seabed or other submarine cables, in many cases 
one cable must be branched to connect to other cables. The basic requirements for the branch 
connecting structural portion of the submarine cables include resistance to hydraulic pressure, 
and no water seepage into the cable connecting portion and the interior of the cables. 

Figure 3 is a schematic diagram illustrating a conventional submarine cable branch 
connecting structural body. In this case, cable collection (4) containing plural cables (2) is 
branched into plural portions in metal sleeve (6) provided at the submarine cable's branch 
connecting portion. They are connected by means of connecting fixtures (12) to the conductor 
portions of plural sensor cables (10) covered with polyethylene sheath or chloroprene rubber 
sheath (8). Cable collection (4) has its sheath fixed to one end (6a) of said metal sleeve (6), and 
sensor cables (10) are fixed to the other end (6b) of metal sleeve (6) while secured by cable 
holder (14). In this state, thermosetting resin (16) is injected to fill the interior of metal sleeve 
(6), followed by curing. 

However, according to the research performed by the present inventors, etc., the branch 
connecting structural body of a submarine cable with said constitution has some problems. On 
the seabed or in other environments with a high hydraulic pressure, such as at a depth of 
20-50 m, water seeps along portion (A) between the sheath of cable collection (4) and metal 
sleeve (6) and along portion (B) between sensor cable sheath (8) and cable holder (14), and water 
that enters the interior of metal sleeve (6) enters interior (C) of cable collection (4) and interior 
(D) of the sensor cables. The entering water reaches control part (E) connected to the cable 
collection and sensor meter (F) connected to the cable collection, and thus damages the 
equipment. This is undesirable. This trend is especially significant when the sheaths of the 
various cables are made of a soft material. 

Purpose of the invention 

The purpose of this invention is to provide a type of branch connecting structural body of 
a submarine cable free of water seepage even under a high hydraulic pressure. 
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Means to solve the problems 

In order to realize the aforementioned purpose, this invention provides a type of branch 
connecting structural body of a submarine cable characterized by the following facts: a cable 
collection consisting of plural cables is inserted into one end opening of a metal sleeve that is 
nearly cylindrical; a sensor cable holder having plural branch pipes is fixed in the other opening 
, of said metal sleeve; plural sensor cables are respectively inserted through the branch pipes; 
inside said metal sleeve, said cable collection branched into multiple cables are connected to said 
sensor cables, and a thermosetting resin is injected to fill the interior of the metal sleeve, 
followed by curing, and, at the same time, a heat-shrinkable tube with a prescribed width is 
shrunk such that it covers said branch pipes and sensor cables. As an embodiment of this 
invention of a branch connecting structural body of a submarine cable, one end of said metal 
sleeve is formed to gradually taper down to match the outer diameter of the sheath of the cable 
collection, and is made to adhere to the sheath of said cable collection by means of a putty made 
of a thermosetting resin or liquid rubber, or the putty made of a thermosetting resin is applied to 
entirely cover the joint between said metal sleeve and the sensor cable holder as well as the 
. region where the heat-shrinkable tube is applied. 

Application examples 

In the following, the branch connecting structural body of a submarine cable of this 
invention will be explained in more detail, with reference to figures. 

Figures 1 and 2 illustrate an application example of the branch connecting structural body 
of a submarine cable of this invention. In this application example, a situation will be explained 
in which it is used in branch connection of a submarine cable for a submarine geological survey. 
However, this invention can also be adopted as a branch connecting structural body for 
submarine cables used for various other applications. 

In this application example, in metal sleeve (26) that is nearly cylindrical and that has the 
branch connecting portion of the submarine cable positioned inside it, cable collection (24), such 
as a cable coated with polyethylene, which contains plural cables (22) each having one end (the 
left end shown in Figure 1) connected to a control part (not shown in the figure), is branched into 
a plurality of cables, with their conductors (22a) exposed. Said metal sleeve (26) may be made of 
any type of metal. In this application example, it is made of brass. On the other hand, plural 
sensor cables (28) covered with a polyethylene sheath or chloroprene rubber sheath are arranged 
inside said metal sleeve (26), and their exposed conductor portions (30) are connected to 
conductors (22a) branched from said cable collection by means of connecting fixtures (32). Also, 
as will be explained later, it is preferred that said connecting fixtures (32) be covered with a 
polyethylene sleeve or the like that has good adhesion to the resin filling said metal sleeve (26). 
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One end (26a) of metal sleeve (26) gradually tapers down to nearly fit the diameter of the 
sheath of cable collection (24), and it is adhered to the sheath of cable collection (24) by means 
of putty made of an epoxy resin or a curable type of liquid rubber (34). For example, TOHOPIT 
[transliteration] (commercial name) manufactured by Toho Chemical Industries, Ltd. can be 
advantageously used as said curable liquid rubber (34). In this case, when the cables of the cable 
collection have a polyethylene sheath, in order to ensure good adhesion between said putty made 
of epoxy resin or liquid rubber and the sheath of the cable collection, it is preferred that 
polyethylene/aluminum laminate tape (36) be wound on the sheath of the cable collection, 
followed by thermal fusing and then application of said putty made of epoxy resin or liquid 
rubber (34) to create a water resistant constitution. If the sheath of the cable collection is made of 
chloroprene rubber, it is preferred that the surface of the sheath be roughened, followed by 
cleaning with acetone or the like, before coating with the putty, etc. 

Flange (26c) is formed at the opening at the other end (26b) of the metal sleeve. Sensor 
cable holder (38) is butted to said flange (26c) and mounted with bolts (40). Said sensor cable 
holder (38) has through holes (42) where sensor cables (28) respectively pass through. In 
addition, branch pipe (44) is integrally formed as a guiding sleeve connected to each through 
hole (42). Sensor cable (28) passes through said branch pipe (44) and through hole (42), and each 
is attached on sensor cable holder (38). 

According to this invention, after sensor cable (28) passes through branch pipe (44) and 
through hole (42), heat-shrinkable tube (46) is placed to cover the sheath of sensor cable (28) and 
branch pipe (44). Then, putty made of epoxy resin or curable liquid rubber (48), of the same type 
as aforementioned, is applied to fully cover the region of the joint between metal sleeve flange 
(26c) and sensor cable holder (38) as well as that of said heat-shrinkable tube (46). In this case, 
when the sheath of sensor cable (28) is made of polyethylene, in order to ensure good adhesion 
between the sheath of said sensor cable and the putty made of epoxy resin or liquid rubber (48) 
as well as the resin (50) filling the metal sleeve, as will be explained later, it is preferred that a 
polyethylene/aluminum laminate tape (not shown in the figure) be wound on the sheath of the 
sensor cable, followed by heat fusing. On the other hand, if the sheath of the sensor cable is 
made of chloroprene rubber, it is preferred that the sheath surface be roughened and cleaned with 
acetone or the like beforehand. 

In addition, according to this invention, hard thermosetting resin (50) made of 
polyurethane resin (shore D hardness of 60) is injected into said metal sleeve (26) through 
injecting port (26d), followed by curing. In order to improve the adhesion between metal sleeve 
(26) and said filling resin (50), it is preferred that the inner surface of the metal sleeve be 
pretreated. For example, it can be roughened by means of a wire brush or sand blasting or the 
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like, or it can be pre-coated with a urethane-based primer (such as C-2226 (commercial name) 
manufactured by the Nippon Urethane Industry Co., Ltd.). 

After resin (50) is introduced into and cured inside the metal sleeve, it is preferred that 
the resin injection port in the metal sleeve be closed with cover (52), and that the outer surface of 
the metal sleeve, and the putty made of epoxy resin (34), (48) on the two ends of the metal 
sleeve, be covered with heat-shrinkable tubes (54), (56). Of course, although in this application 
example the flange side of the metal sleeve is covered with another heat-shrinkable tube (56), it 
can also be covered with a single heat-shrinkable tube (54). 

Figure 2 is a diagram illustrating a preferred embodiment of this invention. In this 
scheme, O-ring (60) is arranged on the joint plane between flange portion (26c) of the metal 
sleeve and sensor cable holder (38), or packing (62) is placed in the portion where sensor cable 
holder (38) opens to the interior of metal sleeve (26), and attachment is realized by sensor code 
[sic; cable] clamp (64) arranged in contact with ring-shaped shoulder portion (26e) formed on the 
inner surface of metal sleeve (26) and by said sensor cable holder (38). As a result, water 
resistance can be further improved. 

Effects of the invention 

As explained above, for the branch connecting structural body of a submarine cable of 
this invention, in particular sensor cable is passed through the branch pipe of the sensor cable 
holder, and the gap between the branch pipe and the cable is sealed with a heat-shrinkable tube 
and further with a thermosetting resin or liquid rubber. Consequently, no water seepage takes 
place in the branch connecting portion, even under a high hydraulic pressure. This is a 
characteristic feature of this invention. 



Brief description of fieures 

Figure 1 is a partial cross section of the branch connecting structural body of a submarine 
cable of this invention. 

Figure 2 is a partially cut-away cross section of the branch connecting structural body of 
a submarine cable shown in Figure 1. 

Figure 3 is a schematic diagram illustrating the branch connecting structural body of a 
submarine cable in the prior art. 

24 Cable collection 

26 Metal sleeve 

28 Sensor cable 

32 Connecting fixture 
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34, 48 Thermosetting resin putty (or liquid rubber) 

38 ■ Sensor cable holder 

44 Branch pipe 

46, 54, 56 Heat-shrinkable tube 

50 Thermosetting resin 



S4 50 
26d 52 22 \ / . 26 



52 26c 56 
30 ^ 26b/ />40 




26d 42 



Figure 1 



62 26c 
64 / / ,60,40 



XT 



66 66 




Figure 2 



6a 



2 t2 6 /10,6b a 




Figure 3 



® E * B ft Pr Ft (JP) ©W Fr ft 

^^m^tf-teW. (a) . 0S63-31O317 

©Int.CI.' fSSUfc^ @^§S Bif063^(l988)l2^19B 

H 02 G 15/03 8727-5E " 

. g^lf^c ^If^c ^g)§cog ; i (A 5 g) 



©if ' US ' PS62- 145533 
@a P • 0362(1987) 6^ 11 a 







sir. 

-a 


=P ^ . 




#mji\m)\mmj\m&.&m&2Tsi9i j 9- 
















@J§ 


. m 


* 


» *. 




?feKJii*;iwm;ii^FE/j%Ba*2TB 1*1-9- 






m 












@n 


-a 


Oj ' ffi . 




?wuii*;ii«fm;iMfiE:/jNEss2Ts i*i 
















@s£ 










ft»n*;wm;ii*K'.hffl5!2Ts it it 


















m 


A" 






*W5JIIJ*;i»11lJIWHE/>EBSi2TB If If 




©••ft 


m ' 


A 


?m± uuffl 


is m 





w a a 



1 




55 9! 
































3S 


SE> 




y 












a 














2' 




# ft 






CO ft 


ffl 






















1 


) 


"« "5 




1st 


M * 




$ 


n 




a" 


s 


x y 


- 7 






M 


□ 




* % 




ft 


S3 * 




y 




* 






t 7t 


% # 




- y 


A/ 


* 




A L 




5* 


& s 




y 




y 






<75 M 


n 3 




It £ 












ft 






7t 




V 






>r - 


y A' 
















3* 


■fe y 
















^ - 












y % 


JSC 




•L T 


ft 


ft 




"t 






- 








A 


L 










y - 


y 




C 


T 




ft 






n 








* 


<r - 


y 










•fe 








4r - 






* « 




L 




tt & 


s 




!> - 


y 


ft 








-ffc 
















« <t 


i- 




£ ft 


u; 






S 








< y 




-b > 






>r 


- -f 






* m 


o 


X 


m 






CO 




S ft 




— 


y 


* 


ft 


« £ 


3 


it 


L *> 










* 


a 


i i- 






<T - 


y 








& 




« JS 
























2 


) 


* a 




•J 


- y 












55 




- y 




<7D 





* «> * S c * S i-.-c < * * * < *n*LT'»«fl: 

j: ^ iz a « « ^ ^ A - y * a w -c a * * 



-109- 



m & 


c a a 


-t a 






— 


7 




<o in 




<r - 


y 


A l± M 


E c » 








<o 




— 


y a- 


* % ft 


CO ^~ 


- 


-f t* ^ 


fc 9t £ 


t & 












£ £ 










* ft IE 


r _ 




;u <o 










a s d 


£ * 




n * £ 


* as * 


35 * 


t± 


, * 








* ft 


v V - 


y ju 




3 X 


* - 


7 A 


ft' 


SB £ 


« 




L 










ft h . 


























co iS J£ 


r - 


y 




ft 


IS 


ft 


* a 


* * » 


3 13 




"S jR * 


ft a . 


* ft 


co 


r - 


7 


a 


2 


* ft 


5 It 


% & 




- 7 JU 


4 tt , 


% £ 




y 


a- 






s J* 


a 'k a 


It & 


ft 


fc A JK 


x y - 


y 6 


ft 


C T 


ft 


ft 




a tt 


? n 


* y 




*■ u y 


S/ - * 


X l± 




a o 


7 






=f a 


> - x 


8 (C 


T 


ft « * 


n & a 






ft <0 


-fc 




If 


- -r 


t y ^ 


1 0 




a * ss 




ft 4! 




1 2 




« 




u T 


« 5 


ft s 


• 


& * r 


- y a 


4 t± 


% 


(75 >> 






# 


$j s 


^ S x 


u .- 


y 


6 C7} — 


iS 6 a 






5 n 






■fc 




- -tr - 


y ;u 




0 tt 


- y A 


* a- 




- 1 


4 


c 


S 




n * 


S d 


T 


£ S x 


y - y 


6 (O 




% 6 


b 


c 


03 


a ? 


n . 






3 k r 




y - 


y 


6 ft 




(± 


& 


« it ft ttt ffi 


1 5 










ft 7t 

















??l«eB £53-310317 (2) 





L 




I 4 i ? 




<0 






**a*&D»^^r-y^^fe^a«a^-c 






m 




5 


0 




K * -3 


Tli, - ^JUOi" ^'ti 


s 




y 


- y s 


t CO fHI ( A) % - -fe V > - >r - y ^ > 


- 




8 




y ;u * ^ - 1 4 t <n m CB ) ^ 6 




- 


y 


^> - 




- 


y 


s 




c 


c 


) 








« 


A 


c C 




L 


ft 




tt . « 






-t 




^ - -Jr 


-y^c&a?ft*-t>-9--ttsF 




1 


L 


. « S 










- y 




T 






« ^ c 




aw 


<7> 








* 55 ^ <7) § 




c 




«— 


£ <D ft 


^^«&>r-y^co^tt * * a ^ t: 






•t 


act 


T * S . 


^ JSf 




* ft * 


+ S fc i6 <75 * 







ti * 


55 m c 


« S ?fi £ T - 


y 


A* 


CO » 




« « a * 




T 3 


* S ft 


i . 5? ft* 1- ft 


if 


* 


55 « 




« * FM» 


» 




* ft * 


£ « * y - y 


CO 




iS » 


p 3 


* ft « ft 


CD 


T - 


y ^ t: 


ft S t fc * ^ 


<>- 




y a 


* » 


A I , S* 


« 


a x 


y - y 


co ft co M d 3 










y t ft ft 




SI x. 


-t ^ 


* - * - y ;u 




As 


^ - 


B 


it. » 


-fc 


y * 


- >r - 


y a* * y - 


CO 








y t: ^ a 


L 


X ft 


ft O -fc 


^ *v - ^ - y 


;u 




» A 


L , 


» A S x 


y 


- y 


ft d T 


ft ft t: # « $ 


ft 


fc 






>r - y ^ 




© a 


* -fc ^ 


- * - y a 


fc 




a ^ 


U . 


» ^ a * 


•j 


- V 


ft C » 


SB t 




A 






« * 


t 




. m s 


* * x -f y 


fc 


-fc 


> * 


- * 


- y ;u t 




S o 


T w s 


« co m jr « ft 


*• 


3. 


- y 


4: JR 


e & g * 


L 


*> it 


C fc t 


» a fc i- a » 






- y 


A* CO 


£■* s « 




a * 


■c * a 


. * 55 ^ co — 








K i 


a t . ^ 


a 


x y 


- y OD 


- * tt ; * ^ 






y a- 


CO 


- ^ <o * 






a -< 


< as ^ a < * 


ft 




L -C 


» a 


^ & m m 




^ # T* 


c T tt 




CO 


-y 


- X 




a? * ft . 


X 


, 3* 




y - y t * ^ 






>r - 


y a 


* * ^ - 




CO « 




M ft' a * a 




y 




it % 



ft fc m 


14 4: 












X f ^ 




? 


ft 


a • 






















• * 


55 


S! 


c « a 




jfe^r-y^co^«aa« 


a # t 


S3 ST 


\z 


S5 






n l < a ^ + a • 










2 0C 




* 55 a c « a m j£ >r - y 


A <0 ^ 








a * <o 




HM^^^^fti. ^ ^ 










« a s 






c « m 


? ft 






co fc U 


T 


a*t«#, *55^tta 


* <n m 


54 co 






* - y 


;u 


c0^tttttt*a*fcLT 






* 




• 








% m 




a 




ft 


ftco^r-yA-2 2^feft^ 


C * >r 


- y 


A 


CO 


-ft C 


SB 


l B -e ft a ) ^a»3 


C 0 ^ 




) 




« £2 * 


ft 




A 2 4 


. « 


X. 


« 


^ y a 


^ 


u^^a^-yAtt, ^ 


Jfe 4- ' - 


y a 




m 


« ft 3 




a it ftftfc«E«H«»^ 


<o ^' a 


x y 




y 


2 6ft 


c 


rftftc»**n, 


2 2a 




m 


$ 


ft 5 • 


^axy-y2 6ti«jgco 


A a k 


x ft 


ft. 


u 






^^JliftTreift^t;^^ 


L fc . 


- m 






y i ^ 




> f — x JL\± 9 a u y i, 



-110- 



^ ^ i* -y - a tc t S i5 






- >r 




-f jv 2 8 #fiT2£JS X 


y 


- r 2 6F*3lcft3 


* n 






0 


* S tt & A 3 2 c T ml 












n a . u £ a & a 


3 


2 fct . & X Itt 9! a «t 




cagaxu-rz 6 






£ 




< 


« x « # y x f u 










i 






& S * 'J - 7 2 6 (?) 





#2 6 a , 4g ^ >r - 




2 4 CO - ^ 05 g K 


& 




< 


5 n . ^ ^ t •> yj us si 




'« t- x k a As > <r 






4*=fA3 4C-c&£<r 


— 


y ;u 2 4 o) - ^ 


tc « 




l t isi # it ip n s . e 


ft 




3 4 


i: 


I t li. x. 3* IS ft 






J- - 




- t* v h (SiS^) 3 














U T # U * U ^ 


— 








L A: ifl c li . a 












- 7, 




*>££*&*ffcfcco£ 


i- 




7 )\, 




- "* IC ij s. f- y 




r > - v j* 7 i 


* - 


I- 



5#BP3U3-310317 (3) 

HSa'*7 t Xfi*#=fA3 4*a*u. 
1-*i^Ki«rifci-«^^ffiu^, feu. & 

X . ' & S X y - ^ CO *S 2 S bcoMn3Kl±7 
7 v 2 6 c a? A ,S tt . ii! 7 7 > •/ 2 6 c ic 
^tfiSttKr-fe'/t-** - :7* * JU ^ - 3 8 # 

* >U (. 4 OlCTft+Mtfctta, S* * V * - T - 7 

* * ;u - 3 8i±-fe^1f~<*r-*7 p A'2 8 # Jt jfi f 

x y - r % hp ^ , »ix^44#-»ttcf 
rit * n/a . *y*-t-y*28iitt^*x-{ y 

* * / - 3 a -c ft # it <5 n a . 

- 7 JU 2 8 fl) - ? t ^ ift /< / 4 4 £ :» ?g 



2fc ^ ,r , g a x y - 


^ 7 


? > 4? 2 6 


c i -t y t 




<r-^^^^^-3 


8 £ 


w « ^ a.a 


ft S 2/ to SE 


a 


IRBfi - / 4 6 =fc 




c a ^ « a 


c » -c , 


± 


i£Ufct|ai«ico^^ 






X li g ft # 




7*C75«*=f^4 8^ 


a * 


? n a . c 






t - !r - y A. 2 8 P3 


*> — 


x i Lt # 


y jl + \, y 




a m l * a g -c i± . 




* *> t* r& a 


r- X (± a 




rfA485.t/a-Csa 




a A JS ^ y 


- ^ F*i k: 3c 


a 


?ns« H 5 0 £ , 


a* * 


> * - >r - 


y ;u *> - ^ 






* * 


5 t * C t 


v -9- - >t- - 








V • T )\s X 


- t A 7 I 




- f 7 s - - y 


t ) 


% « « it » 




>— 


t # ft a r * y x 


, % 


L v -fe v --t 










^ -c * a 


^ c . ^ 


ao 




t . 


t» -e r -t 




^ 














if , 


S3 S & S * 


y - 7 Z 6 




C t± . «EAn2 6dt^LT*y 


n * y « 


SB 


C«|6 0>>3 7D 


) *> X 7 ft s st 


^ a ft & a 




5 0#£A7t«*n 




L r a fl: * 


tt a • it a 





y 7 *> X li t > K y 7 ^ F ^C-Cfi®J5St»t 
^, X<±^u^>*<o^7>f^ - C W x. fcf , ^fi 
«C-2226 : B**U*vl£ft5*:£&K) 

ft. U^S^SIIfi^ A n l± 7 ^ 5.2 C tC3» L , 

^ a x y - /fl^SBStfttiRxy - 7 <o m *5 

CftB Lta#*fiB»^f 3 4, 4 8 ^1; 
»tfef^-7 r 54, J5 6 t«St«Q^fflt» 

^. torn* *sHMTttil7ij-'ro79V'; 
T^^^fti^c, ^a^y-y<07?v£7€i2 

6 ci-feyt--)--7";U)};^/-3 8 tcoS-^® 

cito u 8 o-t»tt, x^-b/t-^-r* 



-111- 



. ?if!3H8 (53-310317 (4) 



fc 3 ^ t: l± ^' 7 * '/ ^ 6 2 t K fi L , & JK * U - 




ffi 12 -e *> S - 




55 3 H (± , fl£ 3fc 








(2 -c £ . 










2 4 ; 


#r £ - * * 


a* -e S £ , 


2 6 : 


& a * u - r * 


^ ^ <n * 


2 8 : 


■t y - * - 7 Ar 




-32: 


a « & a 




3 4 / 


4 8 ; & fS ft & # BB * 


7 A> tt * - 4 ^ £ 




C X tt * # =* A ) 


» a t -r- W ■* 4n Tff L* ii ft y\' / > * - -f As 


3 8 : 


-t y -9* — ' - ~7 >v 9 




4 4 : 






4 6, 54 






5 0 : 


& S ft tt « BB 



ft a A * & db Uj 93 # « \jsSa;?5l 



£ I 09 




32 26d 42 



m 2 a 

6 2 26c 




-112- 



»IBea(>3-310317 (5) 



m 3 m 



2 12 ,6 




-10,6b 

-L ,8 



TV 



F 



IE 



16 2 12 10 14 8 



m m * T * fj *WHJWIWFilJ;iWe*BBS&2TS 1*1 -9 isnsv 



-113- 



